INTRODUCTION
The capacity of a micro-organism to kill is covered by the term virulence, and virulence may be determined by toxigenicity, invasiveness, or many other factors and is qualified by the host in which it is measured (Topley & Wilson's Principles, 1964). Strains of trachoma and inclusion conjunctivitis (TRIC) agents differ in ability to kill chick embryos when inoculated into the yolk sac, some strains killing more quickly than others when the same number of infectious units are injected (Reeve & Taverne, 1963) . These faster killing strains may be regarded as more virulent for the chick embryo. We are interested in the factors determining the virulence of TRIC agents for the chick embryo. Previously, we suggested that differences in virulence might depend on differences in toxicity (Reeve & Taverne, 1963) , but subsequently found that elementary bodies of strains of differing virulence contained the same amount of toxin (Taverne, Blyth & Reeve, 1964) . Like Jawetz & Hanna (1960) we concluded from the analysis of dose-response curves that all strains tested multiplied at the same rate. However, eggs infected with a small dose of more virulent strains die 2-3 days earlier than those infected with a similar dose of less virulent strains, yet in each instance the yolk sacs at death contain 109-1010 elementary bodies (Reeve& Taverne, 1963;  Taverne, Blyth& Reeve, 1964) . This implies that the growth pattern of the more virulent strains must differ in some way. For instance, the lag before exponential growth or the interval between the end of exponential growth and the death of the embryo might be shorter, or the growth rate might be faster. Jawetz, Hanna, Chino & Zichosch (1962) measured growth rates directly in eggs and concluded that they did not vary significantly with the strains tested. Since minor variations in the mode of growth might account for the differences observed, we investigated the growth in the chick embryo yolk sac of strains of differing virulence by titrating virus in eggs and in HeLa cells, and estimating the total number of elementary bodies. (Jones, Collier & Smith, 1959) . Diluent : phosphate buffered saline (Dulbecco & Vogt, 1954) containing streptomycin sulphate loOOpg./ml.
Virus suspensions: 10 yo or 20 % (w/v) suspensions were made by shaking infected yolk sacs in diluent and then discarding the membranes.
Virus titrations were done in 7-day chick embryos kept at 35" and candled daily.
The tests were terminated on the twelfth day after inoculation. Titres are expressed in terms of 50% lethal dose for eggs (ELD50; Reed & Muench, 1938) . Specificity of death, when doubtful, was determined by examining yolk sac smears for elementary bodies. Virus was titrated in HeLa cells (Furness, Graham & Reeve, 1960) and titres are expressed in terms of inclusion-forming units (IFU), Particle counts were made by the dark-field method of Reeve & Taverne (1962) except that treatment with trypsin was omitted and suspensions were purified by centrifugation at SOOOg for 20 min. in M-KCl. from a patient with trachoma. from a patient with trachoma.
1960).

RESULTS
Growth curves. The growth of 6 strains in the chick embryo yolk sac a t 35' was investigated. For each strain, fifty "-day eggs were injected with a dose of virus chosen to kill the embryos as late as possible. Daily, yolk sacs were taken from 3 live embryos, pooled and shaken with a measured volume of diluent; the suspension was titrated in eggs and HeLa cells, and the total number of particles estimated. Growth curves plotted to show the increase in infectious virus during the course of infection are given for 4 strains in Fig. 1 . The total particle counts for all 6 strains and the elementary body:infectious virus ratios are presented in Table 1 . With no strain was virus detected before the second day of infection. From the second daythe number of ELD 50 doses increased exponentially to reach a maximum at the mean death time of each group of eggs. During the last 4 days of growth elementary bodies were sufficiently numerous to be counted by the dark ground technique, and, with the more virulent strains, enough virus was present by the fourth day to be -- Although similar numbers of ELD 50 doses were inoculated, the more virulent strains always yielded more infective virus. However, at the mean death time of each group of embryos, yolk sacs infected with any strain contained about the same number of elementary bodies. During the latter part of growth, when elementary bodies could be counted, the ratio of total particles:ELD50 was on average 10 for more virulent strains and 5000 for less virulent strains ( Table 1) . One explanation for this finding is that the less virulent strains are more susceptible to heat. Accordingly, tests were made of the behaviour of the strains at different temperatures.
Titrations at diffment temperatures. For each strain one set of dilutions was used to inoculate two sets of eggs, which were then incubated at 35" and 37" respectively,
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Incubator temperatures were controlled to & 0.5" and checked by recording thermometers. A high ambient humidity was maintained. The infectivity of the more virulent strains was measurable at 37' and titres, although lower, were within threefold of those at 35O (Table 3) . By contrast, the less virulent strains, except SA2, failed to kill chick embryos at 37"; since their titres a t 35" ranged from lo2.' to 105*2 ELD50 per ml. there was at least 1000-fold difference in titre. The titre of strain SA2 at 37" was ten-fold lower than at 35' . Differences in virulence were thus reflected by differences in killing power at 37"; only the more virulent strains-and SA2-killed embryos a t 37'. Heat inactivation. Ten per cent (w/v) suspensions of infected yolk sacs in diluent were kept in a water bath at 37" and titrated at intervals for infectivity. The strains tested did not vary significantly in rate of inactivation (Fig. 2) , all decreasing in infectivity by 100-500 ELD50 per day.
DISCUSSION
We investigated several TRIC agents to determine whether differences in growth rates in the chick embryo were related to virulence. Variations in the initial lag, before exponential growth began, were insufficient to explain the difference of 2-3 days observed in the time to death of embryos infected with fast-and slow-killing strains. Furthermore, there was no interval between the attainment of maximum virus titres and embryo death. When yolk sacs contained most virus, measured in terms of ELD50, IFU or total particles, the infected embryos began to die, Toxin, titrated in mice or in guinea-pig skin, also reached its maximum at this time (Taverne et aE. 1964) .
We considered the significance of the small differences in growth rate observed during the exponential phase of multiplication. Theoretically, with a small infecting dose, a strain that shows a daily twentyfold increase in the number of particles would produce 109-1010 particles 7-8 days after inoculation, if there were no lag before exponential increase. With a daily tenfold increase, this number of particles would be produced in 10 days. Thus a difference of only twofold in the rate of multiplication would account for a difference of 2-8 days in the time at which the strains attained maximum titres of 10s-lOIO. The formal demonstration of a statistically sigmficant difference in the slopes shown in Fig. 1 would require a prohibitive number of replicate experiments. However, the observed difference, if real, is sufficient to account for the difference in killing time. It is understandable that small differences in growth rate have not been considered significant (Jawetz & Hanna, 1960; Jawetz et al. 1962; Reeve & Taverne, 1963) because titration techniques used are insufficiently precise. Micro-organisms of the psittacosis-lymphogranuloma group are known to have a complicated life cycle, initial forms dividing to produce elementary bodies. The differences in growth rate observed need not only imply differences in the rate of fission; they could result from variations in the mode of division-for instance in the number of elementary bodies derived from each initial form. Again, the growth curves are the results of many cycles of infection, and if strains differed in the efficiency with which they entered cells, a more invasive strain would appear more virulent without necessarily having a different intracellular growth cycle.
Throughout growth the virulence, in terms of organisms per ELD50, was unchanged, in both the less virulent strains with an ELD50 of 5000 and the more virulent strains with an ELDSO of 10 organisms. In addition, the ratio of elementary bodies to infective virus was constant for all strains, suggesting that there was no progressive inactivation in vivo.
With some microbes, the more virulent strains are characterized by capacity to grow over a wider temperature range than the less virulent. Thus Dubes & Wenner (1957) found that virulent strains of poliovirus grew more efficiently at 39" than attenuated strains. Nizamuddin & Dumbell (1961) showed that variola major virus produces pocks on the chick chorioallantois at 39O, whereas the less virulent variola minor virus does not. Bedson & Dumbell (1961) discovered that the virulence of pox virus strains in terms of ability to kill chick embryos is related to the highest temperature ('ceiling temperature ') at which they will grow. We did not determine the ceiling temperatures of our strains, but found that only the more virulent strains-and SA2-killed chick embryos at 37". Our results with strain SA2 are similar to those of Bell, Murray, Carroll & Snyder (1963) . This strain killed chick embryos at %' "but there were fewer ELD 50 doses than at 35'. The figures given by Bell and co-workers show that embryos inoculated with a given dose of SA2 and incubated at 87" regularly died 2-3 days earlier than those incubated at 35', as we also observed. The effects of a higher temperature of incubation on SA2 were thus twofold: titres were lower and chick embryos died more quickly. Only with strain SAZ was this shortening in time of response observed. With more virulent strains dose-response curves plotted from titrations at 35' were similar to those obtained from titrating at 37". It seems likely that strain SA2 is heterogeneous, containing particles that differ in ability to kill chick embryos a t different temperatures. Our results emphasize the importance of controlling incubator temperatures within narrow limits, as already stressed by Bell et al. (1963) , since suspensions usually contained fewer ELD50's a t 37' and in many cases failed to kill embryos.
As with the pox strains tested by Bedson & Dumbell (1961) , differences in the ability to grow at higher temperatures do not appear to depend on differences in the rate of inactivation by heat, all strains being equally labile when heated at 37' in vitro. Reeve & Taverne (1963) established that strains of relatively greater virulence for the chick embryo can also form inclusions in HeLa cells and that some of them can multiply in the mouse brain. We have now added another character associated with virulence, namely that virulent strains kill chick embryos a t 37', whereas less virulent strains do not. Our results, moreover, are consistent with the assumption that greater virulence is dependent on a higher rate of multiplication in the chick embryo.
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